Abstract
Introduction
extensive use, TrBP can be found in soils, landfill leachates and sewage sludge [1] .
36
TrBP could have an endocrine disrupting activity in vivo, because it has been shown to 37 interfere with the thyroid hormone system by competitive binding to transport proteins 38 [2] . In terms of reducing the potential for pollution and related health issues, it is 39 important to develop the techniques for the oxidative degradation of TrBP in 40 contaminated environments. However, bromophenols are more difficult to oxidize than 41 other halogenated phenols, such as fluorophenols and chlorophenols [3] .
42
Fenton and Fenton-like processes have been the focus of studies dealing with the 43 oxidative degradation of organic pollutants. In such systems, H 2 Figure 1 shows the degradation kinetics of TrBP in the presence and absence of RAs.
184
In the presence of Fe-Z alone without RAs (g in Fig. 1 debromination of TrBP at pH 3. In the presence of NH 2 OH (Fig. 3a and c) , the initial 230 rates for degradation and debromination of TrBP increased with an increase in the 231 catalyst concentration, while the initial rates were stagnated above 436 mg L -1 of Fe-Z.
232
In the presence of ASC ( Fig. 3b and d However, the degradation and debromination of TrBP were retarded at pH 7 ( Fig. 4a   248 and c, ▲). In addition, a minor amount of degradation of TrBP and debromination were 249 observed at pH 9 ( Fig. 4a and c, ▼) . Thus, the effective pH values for debromination 250 and degradation in the presence of NH 2 OH were 3 and 5.
251
On the other hand, the pseudo-first-order rate constants for TrBP degradation 
Oxidation products and mineralization

276
The oxidation of bromophenols may produce a variety of brominated quinones and 277 oligomers [32, 40] . Figure 5 shows the GC/MS chromatograms of the extracts from 278 reaction mixtures in the presence of ASC at pH 3, 5, 7 and 9 after a 180-min period.
279
Although no oxidation products were detected at pH 3, the diacetate derivative of 280 2,6-dibromo-p-benzoquinone (2,6DBQ, peak 1) was found as the major byproduct at 281 pH 5, 7 and 9. Based on a standard sample of 2,6DBQ, the percent conversions of the 282 degraded TrBP into 2,6DBQ were estimated to be as follows: pH 5, 20.3%; pH 7, 283 11.6%; pH 9, 9.0%, decreasing with an increase in pH. Instead of peak 1, peaks 2, 3, 4
284
and 5 increased at pH 7 and 9. Based on their mass spectra, these peaks were assigned 285 to specific products (Table 2 ). Although peak 5 was a dimer of TrBP, a more persistent 286 compound, this amount was quite small. In contrast, no peaks corresponding to 287 oxidation products were observed in the presence of NH 2 OH at pH 3, 5, 7 and 9 after a Table 2 .
290
As shown in Fig. 5, only 2 to 60 min and then gradually decreased up to 180 min, suggesting that the degradation 296 of 2,6DBQ was incomplete.
297
It is known that p-benzoquinone can be mineralized via oxidative ring-cleavage [26] .
298
Thus, the disappearance of 2,6DBQ may be related to its mineralization. and no mineralization was observed at pH 9.
303
For practical use, the degradation in the neutral to weak acid region is preferable. The 304 percents mineralization at pH 5 and 7 were 46% and 23%, respectively, and 0. 3, compared to that in the presence of Fe-Z alone (Fig. 8a, × for the case of NH 2 OH (Fig. 8b, ▲) . At pH 3 in the presence of NH 2 OH alone (Fig. 8a in the presence of ASC at pH 3 and 9 (Fig. 8, ■ 
5.
351
When the TrBP was added to the reaction mixture at pH 3 in the presence of NH 2 OH,
352
the H 2 O 2 rapidly decomposed (Fig. 8a, Δ) , compared to the kinetic curve without TrBP
353
( Fig. 8a, ▲) . In contrast, the kinetics in the presence of ASC (Fig. 8a, ■ 
Analysis of Fe on the Fe-Z by XPS
359
To elucidate the effect of RAs on the enhancement in Fenton degradation, the states of 360 Fe(III) on the surface of the Fe-Z were compared before and after treating with ASC.
361
The ASC-treated Fe-Z was readily oxidized to Fe(III) under aerobic conditions. Thus,
362
after treating the Fe-Z with the ASC, the sample was immediately transferred to a 363 vacuum desiccator and dried in vacuo. The sample was stored in the desiccators until
364
XPS spectra were obtained. Figure 9 shows the Fe(2p) 3/2 core-level XPS spectra for
365
Fe-Z before (a) and after treatment with ASC (b 
